In this study, to examine diversity of microbial resources in plants, a method was first devised for isolating endophytes from various plants using plants in the botanical garden of Hokkaido University Japan. Fifty-seven plants from Hokkaido Japan and 20 plants from Java Indonesia were subjected to endophyte isolation. These isolates were screened for their capability of producing antibiotics and oligosaccharides from various natural polysaccharides. Among isolates showing interesting activities, 9 filamentous fungi were selected and their taxonomic characterization was clarified by 18S rDNA sequencing analysis.
After washing in running water for 10 min, young healthy branches (one or two years old) were dried using paper towels. Then the branches were cut into several pieces about one centimeter long and surfacesterilized by the immersion sequence of 75% ethanol for 1 min, >5.3% sodium hypochlorite solution for 5 min, and 75% ethanol for 0.5 min. Grass stems were surface-sterilized using only immersion in 75% ethanol for 2 min to prevent over-sterilization. After drying, the pieces were cut to expose their inner tissue and placed in petri dishes containing CMM medium (cornmeal agar (Difco) 17g/liter, malt extract 20 g/liter, yeast extract 2g/liter, chloramphenicol 50 mg/liter) or NA medium (meat extract 5 g/liter, peptone 10g/liter, NaC15g/liter, agar 15g/liter, nystatin 100mg/liter). After 3 days-4 weeks incubation at room temperature, fungi were isolated on a potatodextrose-agar (PDA) slant, and bacteria on nutrient agar (NA). The above methods were devised so as to obtain a few strains from the plant specimen. To examine the production of antibiotics, the supernatant prepared from F-4 Medium (Glycerol 40g/liter, Soy bean meal 25g/liter, Yeast extract 5g/liter, Cornsteep liquor 1g/liter, NaCl 0.5g/ liter) and PD-Y medium (Potato dextrose broth 24g/ liter, yeast extract 2g/liter) with the above cultivation and centrifugation conditions was used for a paper disc diffusion assay using Alternaria sp., Bacillus subtilis, Salmonella sp., Sacchromyces cereviceae as test microorganisms.
We have isolated at least one endophytic microorganism from each of the plants examined. We obtained 162 fungi, 166 bacteria from 57 plants in Hokkaido and 86 fungi, 58 bacteria from 20 plants from Java Island. There is a possibility that more than one microorganism may live together inside a single plant. Many endophytic fungi and bacteria produced various oligosacchrides from natural polysaccharides and showed antifungal or antibacterial activities (Table 1) . Table 2 shows the fungal isolates selected for further study. From one isolate, we have successfully isolated and characterized an enzyme that effectively produces xylobiose from xylan (manuscript in preparation). For taxonomic studies, the above nine endophytic fungi and reference strains for comparisons (Asper- ing to the methods of Raeder and Broda10). The 18S rRNA gene was selectively amplified by PCR using NS1, NS5, NS6 and NS8 primers for filamentous fungi proposed by White et al. 14) . Inmost strains, beside the entire 18S rRNA gene, NS1-NS6 and NS5-NS8 segments of the gene were amplified and purified with MicroSpin columns S300HR system (Pharmacia Biotech). Nucleotide sequences of the PCR products were determined in both directions by the dideoxynucleotide chain termination method using Thermo Sequenase core Sequence kit, fluorescent primer (NS1, NS2, NS3, NS4, NS5, NS6 and NS8) and ALF express DNA Sequencer (Pharmacia Biotech) following the conditions provided by the manufacturer. These newly determined 18S rDNA sequences (excluding the areas of the primer sequences) were approximately 1,700 nucleotides long and compiled with the GENETYX-MAC. They were compared with those in the GenBank, EMBL and DDBJ data bases through the DNA Information and Stock Center (National Institute of Agrobiological Resources, Tsukuba, Japan) using FASTA8) and BLAST SEARCH1). The 18S rDNA sequences of nine endophytes and two references, which we determined were aligned with the sequences of similar fungi retrieved from data bases using CLUSTAL W13). A phylogenetic tree was constructed from the evolutionary dis- Loculoascomycetes
